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AND  THEIR  DERIVATIVES. 
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Few  classes  of  organic  compounds  have  given  rise  to  more 
difference  of  opinion  amongst  chemists  than  that  which  includes 
urea  and  its  conjugates. 

The  remarkable  number  of  such  compounds,  their  compli¬ 
cated  relationships,  the  varied  circumstances  of  their  production 
and  decomposition,  and  their  variety  of  chemical  character, 
have  led  to  nearly  every  one  of  them  being  viewed  in  several 
different  lights,  and  represented  by  several  different  formulae, 
by  those  who  have  given  the  subject  special  attention. 

The  structure  of  the  simple  molecule  of  urea  itself  is  by  no 
means  settled.  The  arguments  of  Heintz*  and  Kolbef  in  favor 
of  the  view  that  urea  is  identical  with  carbamide  (H2N — CO 
— NH2)  have  been  opposed  by  the  observation  of  Wanklyn 
and  Gramgee^;  as  to  the  behavior  of  urea  (unlike  that  of  admitted 
amides)  when  oxidized  by  an  alkaline  solution  of  potassium 
per-manganate.  The  latter  chemists  proposed  the  formula 


C  •<  NH2,  but,  as  Watts  remarks  in  his  Dictionary  of  Chem¬ 


istry,!  without  assigning  specific  reasons  (other  than  the  dif¬ 
ference  of  behavior  just  noted)  for  adopting  this  instead  of  the 
carbamide  formula  which  they  reject.  Wolcott  Gribbs  ||  inde¬ 
pendently  put  forward  the  same  view,  but  did  give  some  of  the 
grounds  upon  which  it  was  adopted  by  him.  It  has  also  been 
proposed  to  represent  urea  as  0=C=NH2 — NH2,  in  whicb 
formula  one  of  the  nitrogen  atoms  is  pentad.  Most  recent 
writers  of  text-books,  however,  as  Fittig^f  and  Naquet,**  seem 
to  have  fallen  back  upon  the  view  that  urea  is  simply  carb- 

*  Ann.  der  Chem.  u.  Pharm.,  cxl,  276 ;  cl,  73.  f  Zeit^hr.  fur  Chem.,  II,  iii,  50. 

1  Jour.  Chem.  Soc.,  Jan.,  1868,  31.  §  1st  Suppl.,  1115. 

|  Amer.  Jour.  Sci.,  II,  xlvi,  290,  Nov.,  1868. 

T[  Wohler’s  G-rundriss  der  org.  Chem.,  8te.  Aufl.,  206. 

**  Principes  de  Chimie,  troiseme  ed.,  t.  ii,  532-533. 
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amide.  Bunte*  has  suggested  as  the  means  of  deciding  between 
these  opinions  the  determination  of  the  maximum  number  of 
isomeric  products  obtainable  from  the  body  in  question  by 
substituting  an  alcoholic  radical  for  hydrogen. 

The  most  obvious  point  of  difference  between  the  three  for¬ 
mulae  above  mentioned  consists  in  the  first  being  symmetrical 
while  the  others  are  not  so.  If  urea  be  carbonic  diamide  (1), 
viz: 


l. 

H— N— H 

A— 0 

H— N— H 


2. 

H— N— H 

H— A— H 

« 

0 

0 


3. 

H— N— H 
•  C— 0— H 

Jr 
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the  two  nitrogen  atoms  are  placed  exactly  alike,  and  so  are  the 
four  atoms  of  hydrogen.  If  the  third  formula  (2)  be  adopted, 
the  two  nitrogen  atoms  will  be  unlike,  while  there  will  be  two 
pairs  of  hydrogen  atoms  with  no  difference  between  the  mem¬ 
bers  of  each  pair.  But  if  the  formula  (3)  be  the  true  one,  the 
two  nitrogen  atoms,  while  exhibiting  the  same  atomicity,  are 
dissimilarly  connected,  and  hydrogen  is  found  in  three  different 
relations  to  the  rest  of  the  molecule,  only  two  atoms  of  the  lat¬ 
ter  element  being  quite  alike  in  position.  Clearly  we  should 
the  rather  expect  from  this  highly  unsymmetrical  disposition 
of  the  atoms  such  a  number  and  variety  of  substituted  and 
conjugated  products  as  urea  actually  affords. 

But  not  only  does  this  last  view  enable  us  easily  to  account 
for  the  large  class  of  derivatives  furnished  by  the  substance  in 
question,  but  it  seems  to  lend  itself  remarkably  well  to  the 
explanation  of  the  special  character  which  these  derivatives 
severally  exhibit,  whereas  many  of  the  formulae  hitherto  pro¬ 
posed  for  the  “  ureides”  differ  much  from  those  of  other  bodies 
of  the  same  type,  the  acid  or  basic  character,  degree  of  basicity, 
etc.,  not  being  satisfactorily  accounted  for.  In  this  respect 
Wanklyn,  Gamgee  and  Gibbs  seem  scarcely  to  have  done 
justice  to  the  merits  of  the  formula  they  suggested,  and  I  pro¬ 
pose  by  a  few  examples  of  the  better  known  substances  related 
to  urea  to  illustrate  the  advantages  of  assuming  for  it  this 
molecular  constitution.  In  doing  so  I  have  to  suggest  a  struc¬ 
tural  composition  for  most  of  the  conjugated  bodies  spoken  of 
unlike  that  which  Gibbs  has  adopted  in  the  paper  above 
referred  to.  It  will  conduce  somewhat  to  clearness  to  use  fully 
expanded  graphic  formulae,  and  for  the  conjugated  compounds 


*  Ann.  der  Chem.  u.  Pharm.,  cli,  184. 
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to  use  dotted  lines  to  represent  the  bonds  connecting  residues 
derived  from  different  molecules.* 

Let  then  urea  be  represented  by  the  last  formula,  No.  3, 
derivable  from  ammonium  cyanate 

1.  Ammonium  cyanate.  2.  Ammonium  carbamate. 

H  HH  H  H  HH  H 

mm  mm  h 

A  A  U 

i  i  i 


by  intermolecular  transposition,  and  from  ammonium  carb¬ 
amate  by  change  of  the  same  sort  with  elimination  of  water. 
In  both  cases  one  of  the  two  nitrogen  atoms  shows  the  usual 
tendency  to  revert  from  pentad  to  triad  character  by  elevation 
of  temperature. 

The  direct  compounds  of  urea  (like  those  of  ammonia)  witn 
acids  involve  a  re-assumption  of  pentad  relation  by  this  one 
atom  of  nitrogen  ;  not  by  both,  as  we  might  expect  if  they 
were  alike  in  position  in  the  molecule  ;  as,  for  instance,  in  the 
case  of  urea  nitrate. 


Urea  nitrate. 

0  H  H 

II  I  I 

N— 0— N— H 


Urea  and  mercuric  oxide.  Urea  and  sodium  chloride. 


Hg-0-, 


H 


H 

Na-,  | 

UN— H 
Cl—1  | 

c— 0— H 


— N— H 
Hg— 0-'  | 

0  C— 0— H  C— 0— H 

II  U  II 

N  N  N 

I  I  I 

H  H  H 

Similar  relations  are  entered  into  with  some  metallic  oxides,  as 
for  instance,  mercuric  oxide,  and  certain  salts,  as  with  sodium 
chloride. 


1.  Ethyl-urea  (basic). 
H  H  H 

UCJ 

H— L— H 


2.  Normal  di-ethyl-urea  (basic). 
H  H  H  H  H  H 

III  III 

—0—  —  0  “ 

H— C— H  H— C— H 


— N-H 

A— o— : 


■H 


N 
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C— 0— H 

II 

N 

I 
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*  Some  of  these  graphic  formulae  would  look  rather  simpler  and  better  were  it 
not  for  difficulty  on  the  part  of  the  printer  in  using  oblique  lines  with  movable 
type. 
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Products  of  substitution  by  alcoholic  radicals,  in  which  the 
urea  type  and  character  are  preserved ,  are  exemplified  by  ethyl- 
urea,  GgHgNgO,  in  which  one  of  the  two  similarly  related 
hydrogen  atoms  is  replaced,  and  by  normal  di-ethyl-urea, 
C5Ht2N20,  in  which  the  replacement  extends  to  both  of  these 
atoms.  One  hydrogen  atom  of  this  pair  and  another  (unlike) 
atom  at  the  same  time  are  probably  replaced  in  the  isomeric 
di-ethyl-urea,  and  tri-ethyl-urea,  if  this  compound  really  exist, 
will  represent  the  replacement  of  both  the  similar  and  one  un- 
symmetric  (probably  imide)  atom  of  hydrogen. 

Formulas  for  condensed  ureas  containing  polyatomic  radi¬ 
cals,  such  as  ethylene,  follow  easily  enough  from  the  above. 

In  biuret,  C2HdN302,  we  may  suppose  the  residues  of  two 
urea  molecules  united  with  elimination  of  ammonia  from 
unlike  (amidic  and  imidic)  extremities  of  the  chain  of  atoms — 
thus, 

Biuret  (feebly  basic,  uniting  (by  its  amidic  end  probably)  with  one  equivalent  of 
HC1). 

H— N— H 


C— 0— : 
ft 

C — 0 — B 

l 


H 


this  giving  a  very  obvious  explanation  of  the  formation  of 
biuret  by  heating  urea,  ammonia  being  at  the  same  time 
liberated. 

Conjugated  compounds  of  urea  residues  and  acid  radicals 
form  a  more  numerous  class.  In  these  the  type  of  the  original 
acid  seems  usually  to  predominate,  but  the  urea  residue  modifies 
the  character  of  the  substance  in  different  ways  according  to  the 
mode  of  attachment  This  last  point  seems  to  have  been  the 
chief  one  overlooked  in  the  arrangement  of  most  of  the  struc¬ 
tural  formulae  hitherto  proposed. 

Thus,  from  carbonic  acid,  CH203  (di-basic),  we  get  allo- 
phanic  acid,  C2H4N203, 


Carbonic  acid  (dibasic). 
H  H 

A  A 

l-o-l 


Allophanic  acid  (monobasic). 
H— N— H 

H  G — 0 — H 

A 


N 


C- 


0 
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only  one  of  the  two  basic  hydrogen  atoms  present  in  the  orig¬ 
inal  acid  remaining  in  place.  A  comparison  of  allophanic  acid 
thus  viewed  with  the  above  formula  for  biuret  will  show  how 
the  latter  is  produced  by  the  action  of  ammonia  upon  ethyl 
allophanate.  From  acetic  acid,  C2H402,  we  have  acetyl-urea, 
C3H6N202  (exhibiting  neither  acid  nor  basic  character), 

Acetic  acid  (monobasic).  Acetyl-urea 


H 

1 

H— N— H 

H  0 

i  1 

G — 0 — H 

n 

1  1 

H— 0— C 

1  ll 

1 

H  N 

H  0 

|  ; 

H— c— c 

1  D 

H  0 

the  one  basic  atom  of  hydrogen  of  the  original  acid  having 
been  replaced  by  the  urea  residue  at  its  imide  extremity. 
From  glycollic  acid,  C2H  03,  we  have  glycoluric  (hydantoic) 
acid,  C3H6N20, 


Glycollic  acid  (monobasic). 

H  H 

A  A 

H-U 

H 


Glycoluric  acid  (monobasic). 
H— N— H 

C — 0 — H 

N  H 

A 

H— C— 0 

A 


the  urea  residue  replacing  the  methylic  hydroxyl,  while  the 
original  oxatyl  remains  unaffected  and  the  acid  character  is 
preserved.  In  the  formula  for  glycoluric  acid  proposed  by 
Gibbs,  viz:  (misprinted  in  his  paper  in  the  transposition  of 
the  —  and  =  in  the  bottom  line) : 

Glycoluric  acid. 

H  H 

N_C— HO 

I  I 

N— C— HO 

A — o=h2 

the  mono-basic  character  is  not  obvious,  nor  does  it  readily 
appear  which  is  the  replaceable  (basic)  atom  of  hydrogen. 

If  glycollic  acid  be  differently  conjugated  with  urea,  the 
residue  of  the  latter  attaching  itself  in  place  of  the  basic 
hydroxyl,  and  a  molecule  of  water  being  eliminated,  we  get 
hydantoine,  C3H.,N302  (1). 
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1.  Hydantoine  (neutral). 
H— N— H 

H  -A 


' — C— 0 

U 


2.  Glycolurile  (neutral). 
H— N— H  H— N— H 


C— 0— H 


I 

...0 

II 

N 


By  reference  to  the  formula  proposed  further  on  for  allantoine 
it  will  be  seen  how  simply  the  production  from  it  of  hydantoine 
occurs  with  separation  of  urea.  Glycolurile,  C4H6N402,  ap¬ 
pears  (2)  as  the  corresponding  di-ureide  of  glycollic  acid,  and 
its  relation  to  allantoine  (from  which  it  is  producible  by  the 
action  of  sodium  amalgam)  will  be  easily  seen  by  reference  to 
the  formula  for  the  latter,  although  I  prefer  to  view  these 
bodies  as  derivatives  of  two  different  acid  nuclei.  The  break¬ 
ing  up  of  glycolurile  by  an  acid  in  the  presence  of  water  into 
hydantoine  and  urea  is  easily  traced.  From  oxalic  acid, 
C2H204,  we  get  oxaluric  acid,*  C3H4lSr204, 


1.  Oxalic  acid  (dibasic).  2.  Oxaluric  acid  (monobasic). 

3.  Paraban. 

H  H 

H- 

-N— H 

H— N— H 

n 

i  i 

H 

1 

C— 0— H 
n 

.  J 

c-c 

0 

N 

:  N 

n 

L- 

-6 

6  : 

1  : 

A 

A 

o— c 

1  II 

0  0 

easily  breaking  up  in  presence  of  water  into  oxalic  aci<  .«n(i 
urea. 

The  absence  of  well  determined  acid  character  in  paraban 
(parabanic  acid),  C3H2N203,  justifies  the  above  formula,  No. 
3,  which  well  explains  Ponomareff’sf  synthesis  of  this  body  by 
the  action  of  phosphorus  tri-chloride  on  a  mixture  of  oxalic 
acid  and  urea,  as  well  as  the  ready  conversion  into  oxaluric 
acid  by  assumption  of  water ;  while  the  so-called  metallic  salts 
formed  by  this  body  (including  those  described  by  Menschut- 
kin)4  remarkable  for  their  instability,  may  probably  represent 
merely  the  substitution  of  amidic  hydrogen  in  the  urea  residue, 
as  cholestrophane  results  from  the  substitution  of  both  these 
hydrogen  atoms  by  methyl.  It  will  be  seen  presently  that 
this  formula  makes  paraban  bear  exactly  the  same  relation  to 
oxalic  acid  that  alloxan  does  to  mesoxalic  acid. 


*  There  is  some  misprint  in  the  formula  for  this  acid  in  the  memoir  of  Gibbs 
(loc.  cit.,  p.  292),  since  it  contains  an  atom  of  oxygen  too  much. 

+  Bull.  Soc.  Chim.  de  Paris,  II,  xviii,  97. 

;  Ann.  der  Chem.,  clxxii,  73. 
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If  in  the  ureic  residue  of  oxaluric  acid  we  substitute  hydro¬ 
gen  for  hydroxyl,  we  get  the  formula  for  allanturic  (lantanuric) 
acid,  C3H4N203, 


ric  acid  (monobasic). 

2.  Allantoine  (neutral). 

H— N— H 

H— N— H  H — 1ST — H 

1 

H  C— H 

1  II 

H— 0— C  C— H 

ii  n 

0  N 

II 

N  N 

B 

6 - 6 

0  0 

A  A 

and  the  mode  in  which  this  acid  is  produced  from  allantoine 
by  assimilation  of  water  and  separation  of  urea  becomes  evi¬ 
dent  if  we  give  to  allantoine,  C4H6N403,  the  following  form¬ 
ula  (2),  viewing  it  as  a  di-ureide  derivative  of  oxalic  acid, 
with  which  it  appears  in  fact  to  be  closely  connected,  producing 
oxalates  by  heating  with  alkaline  solutions,  by  fermentation 
with  yeast,  &c.  By  reference  to  the  formula  proposed  fur¬ 
ther  on  for  uric  acid  it  will  appear  how  this  latter  yields  allan¬ 
toine  on  boiling  an  aqueous  solution  with  lead  dioxide,  the 
middle  carbon  atom  of  the  mesoxalic  acid  residue  being  re¬ 
moved  as  carbon  dioxide,  and  hydroxyl  and  hydrogen  respect¬ 
ively  taken  up  from  a  molecule  of  water  by  the  two  ureic 
residues,  which  at  the  same  time  assume  a  different  mode  of 
attachment  to  the  oxalic  acid  nucleus ;  the  further  action  of  an 
excess  of  lead  dioxide  decomposing  the  allantoine  itself,  with 
formation  of  urea  and  lead  oxalate.  The  formula  of  Gibbs  for 
allantoine  (as  for  hydantoine  and  glycolurile)  would  lead  us  to 
expect  an  acid  character,  whereas  such  compounds  as  are 
formed  by  this  body  with  metals  and  metallic  oxides  manifestly 
are  of  the  same  order  as  those  produced  with  similar  substances 
by  urea  itself.  In  the  other  di-ureide,  viz:  mycomelic  acid, 

c4h4n402) 

Mycomelic  acid  (monobasic). 


A  o 

A — A 

if  if 

A . A 

N  H— N— H 

1 

H 

we  have  an  example  of  what  I  agree  with  Professor  Gibbs  in 
assuming  as  very  probable,  namely,  the  similarity  of  function 
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of  nitrogen  with,  two  free  bonds  to  the  outside  oxygen  in 
oxatyl,*  so  that  I  represent  one  of  the  two  such  oxygen 
atoms  in  oxalic  acid  as  replaced  by  a  urea  residue  connecting 
itself  by  its  amidic  extremity,  the  hydrogen  of  the  correspond¬ 
ing  hydroxyl  of  the  acid  retaining  its  basic  character ;  while 
the  second  residue  of  urea,  attached  by  the  opposite  end  of  its 
chain  of  atoms,  replaces  hydroxyl  instead  of  oxygen,  and  thus 
changes  a  di-basic  into  a  mono-basic  acid.  Here  we  have  an 
instance  of  what  seems  to  me  the  error  arising  in  many  of  the 
older  formulas  from  considering  merely  the  number  01  atoms, 
with  their  additions  or  subtractions,  without  noticing  the  char¬ 
acter  of  the  compounds  in  question  as  an  indication  of  molec¬ 
ular  structure.  Odlingf  says  of  mycomelic  acid  that  it  bears 
“  exactly  the  same  relation  to  oxalic  acid  that  uric  has  to 
mesoxalic  acid.”  So  it  does,  in  so  far  as  the  summation  of  the 
atoms  present  is  concerned,  but  the  two  last  named  acids  are 
both  di-basic,  while  oxalic  and  mycomelic  acids  are  di-basic 
and  mono-basic  respectively.  It  will  be  seen  presently  that 
the  formulae  I  propose  account  fully  for  this,  the  two  urea  resi¬ 
dues  in  uric  acid  being  similarly  connected  with  the  residue 
of  the  original  acid,  while  in  mycomelic  acid  they  are  con¬ 
nected  by  what  I  have  called  the  amidic  and  imidic  ends 
respectively. 

Passing  to  the  3-carbon  acids,  from  malonic  acid,  C3H404, 
No.  1,  may  be  derived  barbituric  acid,  C4H4N203,  No.  2. 

1.  Malonic  acid  (dibasic).  2.  Barbituric  acid  (dibasic). 


H  H 

i  i 

H  H 

1  1 

OHO 

A  h  A 

c — c — c 
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OHO 

0  $ 
:  J, 

N 

k 


Gibbs’  formula  (in  which  there  is  a  trifling  misprint)  would 
imply  a  mono-basic  acid. 

Naquet*  speaks  of  “  l’hydantoine,  qui  reprdsente  de  l’acide 
allanturique  moins  un  atome  d’oxyg&ne,  et  qui  est,  par  conse¬ 
quent,  a  l’acide  allanturique  ce  que  l’acide  barbiturique  est  4 
l’acide  dialurique.”  But  of  these  two  pairs  of  substances, 

*  As  in  the  polymerides  of  true  cyanic  acid.  Prof.  Gibbs  proposes  to  call 
(CNOH)"  cyanyl,  as  analogous  to  (COOH)'  oxatyl. 

f  Lectures  on  Animal  Chemistry,  London,  1866,  p.  132. 

%  Principes  de  Chimie  (1875),  ii,  578. 
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hydantoine  is  neutral,  and  allanturie  acid  a  mono-basic  acid, 
while  barbituric  and  dial  uric  acids  are  di-basic  and  mono-basic 
respectively.  The  formulae  proposed  in  this  paper  famish  an 
explanation  of  the  difference. 

Any  formula  I  have  seen  for  bromo-barbituric  acid^  C4H3 
BrN203,  would  lead  one  to  expect  for  it  exactly  the  same  degree 
of  basicity  as  that  of  barbituric  acid.  But  the  following  (No. 
1)  with  the  urea  residue  oppositely  attached)  will  show  how 
the  former  acid  is  mono-basic,  while  the  latter  is  di-basic. 


1.  Bromo-barbituric  2.  Brom-alloxan  or  di-bromo-  3.  Tri-brom-acetyl- 

acid  (mono-basic).  barbituric  acid  (non-acid).  urea  (neutral). 
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A  further  replacement  of  hydrogen  by  bromine  gives  us 
what  has  been  called  di-bromo-barbituric  acid,  C4H2Br2N203, 
a  body  which  is,  however,  really  devoid  of  acid  character,  not 
forming  salts.  With  the  formula  now  proposed  (No.  2,  above), 
this  non-acid  character  becomes  intelligible,  and  the  name 
brom-alloxan,  originally  employed  by  Baeyer,  becomes  fully 
justified  on  comparison  with  alloxan  as  represented  further  on. 
The  conversion  of  this  body  into  dialuric  acid  by  the  action  of 
hydro-sulphuric  acid  in  the  presence  of  water  is  explained  by 
the  formula  for  dialuric  acid  given  further  on. 

On  pushing  the  action  of  bromine  still  further,  brom-alloxan 
is  converted,  with  separation  of  carbon  dioxide,  into  tri-brom- 
acetyl-urea,  C3H3Br3N202  (from  the  2-carbon  acid  residue), 
the  formula  of  which  (No.  3,  above)  is  very  simply  derived 
from  No.  2,  and  brings  us  back  to  that  of  acetyl-urea  as 
already  given. 

From  mesoxalic  acid,  03H20S  (No.  1),  we  get  the  acid  mon- 
ureide  dialuric  acid,  04H4N2G4  (No.  2), 

1.  Mesoxalic  acid  (di-basic).  2.  Dialuric  acid  (mono-basic). 

H  H  H— N— H 

I  I  I 

0  0  H  0— H 

0 — C — C  A  N 

o  A  o  A— c— 6 


0  0  0 
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in  which  the  ureic  hydroxyl  is  replaced  by  hydrogen.  The 
production  of  this  acid  by  hydrogenation  of  alloxan  will  be 
seen  presently  to  be  readily  intelligible. 

And  from  dialuric  acid  is  derived  the  amide,  uramile  (dialu- 
ramide),  C4HsN303  (No.  1). 


1.  Uramile  (neutral). 

2.  Alloxan  (neutral). 

3.  Alloxanic  acid  (di-basic). 

H— N— H 

H— N— H 

H  H 

C — H 

. . A 

A  A 

H— N-H  N 

6  1 

A-c-A 

C5 — c — d 

I  i 

C— C— 0 

i  i  ii 

°  0  N 

III 

0  0  0 

fl  II  II 

0  0  0 

C — 0 — H 

H 


For  the  production  of  this  body  from  alloxan  tine  by  the  action 
of  ammonium  chloride,  with  separation  of  alloxan  and  hydro¬ 
chloric  acid,  see  the  formula  given  beyond  for  alloxantine. 

The  formula  of  alloxan,  C4H2N204,  also  a  mon-ureide, 
becomes  as  represented  in  No.  2,  while  alloxanic  acid, 
C4H4N205,  formed  by  attachment  of  the  urea  residue  by 
its  opposite  extremity,  and  with  assumption  of  a  molecule  of 
water,  may  be  viewed  as  in  No.  8  above.  Claus  and  Emde* 
have  noticed  the  difference  of  character  between  the  last  two  sub¬ 
stances,  and  suggested  in  explanation  the  following  formulae  : 


1.  Alloxan. 

0 

J 

h-n  n-h 

L0J 

0=C— 1 1 — c — 0 
I— 0—1 


2.  Alloxanic  acid. 

0 

H  1  H 

I  | — c — |  | 

0  H— N  N— H  0 


C- 

II 

0 


=<t=l 


— c 

A 


one  of  the  few  instances  in  which  I  find  an  attempt  made  to 
carry  out  the  idea  urged  in  this  paper.  Gibbs’s  formulae  would 
imply  that  both  substances  were  acid,  and  of  the  same  degree 
of  basicity.  The  parallelism  between  alloxan  and  paraban  is 
seen  to  be  brought  out  by  the  mode  of  representation  now  sug¬ 
gested,  and  an  explanation  is  afforded  of  the  fact  that  whereas, 
as  Naquetf  says  (looking  only  at  the  number  of  atoms  con¬ 
cerned),  alloxanic  acid  bears  the  same  relation  to  alloxan  that 
oxaluric  acid  does  to  paraban,  the  former  acid  is  di-basic  and 
the  latter  mono-basic  only. 


*  Ber.  d.  deutsch.  chem.  Gesellsch.,  vii,  226.  f  Principes  de  Chimie  (1875),  ii,  578. 


For  uric  acid  itself,  C5H4N403,  the  di-ureide  of  mesoxalic 
acid,  I  would  propose  the  formula  (No.  1), 

1.  Uric  acid  (di-basic). 

H  H 

I  I 

O  O 

I  I 

c— c— c 

if  o  ft 

A . 1 

■  i 


Nos.  2  to  9  show,  for  the  sake  of  comparison,  some  of  the 
numerous  formulae  which  have  of  late  years  been  given  for 
this  important  substance. 


2.  Uric  acid,  Baeyer*  and  Kolbe.f 
N  N 

III  III 

C  H  C 

I  I  I 

H— N  0  N— II 

I  I  I 

C— C— 0 

II  I  1 

OHO 


3.  Uric  acid,  Hufner4 
N  N 

III  III 

C  C  H 

I  I  I 
H— N  N  H  0 

i  II  I  I 
c— I  1-0—0 

0  I  II 

0  HO 


4.  Uric  acid,  Mulder.  5 
HO  H 


I  II 

N - 0- 


-N 


I  H  —  N— 

I  I  I  I 
c— c— 1  c 

n  i  hi 

OH  N 


— C 

II 

0 


5.  Uric  acid,  Erlenmeyer.j 
H 

I 

H  N  OH 

I  I  II  I 

N — C — N — C — N 


C- 

II 

0 


-c- 


H 


-C 

II 

0 


*  Ann.  der  Chem.,  cxxvii,  235. 
f  Journ.  fur  prakt.  Chem.,  II,  i,  134. 
t  Journ.  fur  prakt.  Chem.,  II,  iii,  23. 

§  Bericht.  d.  deutsch.  chem.  Gesellsch.,  vi,  1231. 
[|  Munch.  Akad.  Ber.,  ii,  276. 
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6.  Uric  acid,  Strecker.* 
N 


C 

l 


H  H 

I  I 

-N - C - H 


H 

-L 


c— I 

I 

0 


I— c— c 

0  0 


7.  Uric  acid,  Gibbs.f 
H  H  H 

0  0  0  H 

0— C— C— C=C 

III! 

N— N— N— N_' 


8.  Uric  acid,  Medicus.f 


9.  Uric  acid,  Dreehsel.g 


H 

i 

H 

i - o- 

N 

C  N 

H  1  1 

1  1  c=o 

1 

— N — ,  I  | 

H- 

c-! 

i 

!_C— C— N 

II  1 

H 

1 

I 

0 

0  H 

— N 

While  each  of  these  formulae  possesses  advantages  for  the 
explanation  of  certain  cases  of  decomposition  and  certain 
derived  products,  an  attentive  study  will  show,  I  think,  that 
all  are  more  or  less  defective  as  to  accounting  in  the  simplest 
way  for  the  well  known  basicity  of  uric  acid  itself,  bringing  it 
into  harmony  with  the  general  structure  of  non-nitrogenous 
organic  acids,  recognizing  a  close  relationship  to  the  8-carbon 
series,  and  preserving  as  far  as  possible  simplicity  and  sym¬ 
metry  in  the  supposed  arrangement  of  the  atoms. 

In  connection  with  the  formula  I  propose  it  may  be  noticed : 
that  it  does  account  for  uric  acid  being  dibasic ;  that  it  derives 
it  as  directly  as  possible  from  a  residue  of  the  3-carbon  mesox- 
alic  acid  ;  that  it  explains  simply  most  of  the  observed  decom¬ 
positions  of  the  acid;  that  it  perhaps  affords  a  reason,  in  the 
direct  linking  together  of  the  two  urea  residues  as  well  as 
their  attachment  to  the  acid  nucleus,  for  the  comparative 
stability  of  uric  acid  ;  and  that  it  also  suggests  a  cause  of  the 
difficulty  of  reproducing  this  substance  artificially,  since  in  the 
attempt  to  form  a  salt  of  urea  with  a  non-nitrogenous  acid  and 
then  remove  water  the  basic  hydroxyl  might  be  eliminated 
and  the  normal  acid  type  destroyed,  whereas  this  type  is  pre- 

*  Lehrb.  d.  org.  Chem.,  1868,  800.  f  This  Journal,  Nov.,  1868,  xlvi,  293. 

%  Ann.  der  Chem.,  clxxv,  243 ;  where  most  of  the  formulae  above  quoted  are 
reviewed. 

§  Chem.  Centralbl.,  4  Aug.,  1876,  493. 
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served  by  the  different  mode  of  attachment  of  the  urea  residues 
exhibited  in  the  formula  now  put  forward.  The  mode  of  pro¬ 
duction  from  uric  acid  of  allantoine,  alloxan,  paraban,  etc.,  will 
be  seen  by  comparison  of  the  preceding  formulae. 

Probably  uroxanic  acid,  CsH8N406,  is  represented  by  No.  1 


1.  Uroxanic  acid  (dibasic). 
H  H  H 

A  A  A 
A-U 

I  A  II 

N  I  N 
I  H  I 

H— 0— C  C— 0— H 


N 

I 

H 


N 

I 

H 


2.  Oxonic  acid  (dibasic). 

H  H 

|  II— N— H  | 

0  i  0 

A — A — A 
A  A  I 

i 

. c 

1 

I 

H 


while  the  oxonic  acid  of  Strecker  and  Medicos,*  C4H5N304, 
produced  under  similar  conditions,  but  showing  by  its  contain¬ 
ing  only  three  atoms  of  nitrogen  that  it  cannot  include  two 
complete  urea  residues  like  those  of  uric  acid,  may  perhaps  have 
the  structure  of  No.  2. 

The  basicity  of  pseudo-uric  acid,  C6HtiN404,  may  be  ex¬ 
plained  by  assuming  its  two  urea  residues  differently  attached, 
and  in  one  of  them  an  atom  of  hydrogen  taking  the  place  of 
hydroxyl — thus : 


1.  Pseudo-uric  acid  (monobasic). 

H— N— H 

C— o— II 


H 

I 

0  N 

c-c—  h 
ij  o  o 

hJ 

I 

H 


2.  Xanthine  (weak  base). 
H 

X  H— N— H 


N  N 

c— o—  6 

I  II  II 

H  0  0 


In  xanthine,  C5H4N402,  whose  empirical  formula  differs  from 
that  of  uric  acid  only  by  an  atom  of  oxygen,  we  have  also  two 
dissimilarly  attached  residues  of  urea,  but  the  basic  hydroxyl 
disappears  altogether  and  with  it  the  true  acid  character,  while 
like  urea  itself  xanthine  is  capable  of  uniting  with  metallic 
oxides  as  well  as  with  acids. 


*  Ann.  der  Chem.,  clxxv,  230. 
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This  formula  (No.  2)  may  serve  to  explain  the  fact  that 
Strecker’s  di-methyl-xanthine  is  isomeric,  not  identical,  with 
theobromine,  C7H8N402,  if  we  assume  the  latter  to  be  as  in 
No.  1,  and  caffeine,  C8H,  0N4O2,  as  in  No.  2, 


L.  Theobromine  (weak  base). 

H— N— H  H3C — N — CHS 

2.  Caffeine  (weak  base). 
H— N— CH3  H3C— N— CH; 

i  i 

1 

C . 

1 

c 

A . lG 

II  i  i 

N  j  j 

1 

N 

II  i  1  II 

n  | ;  N 

Q _ Q _ 

— c 

c  c  c 

0 

II 

0 

A  A 

both  urea  residues  in  each  of  these  formulae  being  similarly 
connected  with  the  acid  nucleus.  The  relation  to  di-methyi- 
paraban  (cholestrophan)  is  obvious. 

We  may  probably  assume  No.  1  as  the  formula  of  caffeidine, 
C7HI2N40  (a  stronger  base  than  caffeine). 

1.  Caffeidine.  2.  Hypoxanthine  (sarcine) — (weak  base). 


H— N— CH3 

H3C — N — CH3 

1 

H 

c . 

. G 

N  H- 

ll 

-N- 

i 

jjr 

A . 

...C 

i  ii 

II 

h — b - 

1 

- C 

N  :  j 

N 

1 

H 

0 

(Y—C~ 

-C 

1 

I 

H 

0 

Hypoxanthine,  CoH4N40,  exhibits  the  same  geueral  character 
with  xanthine,  and  containing  one  atom  less  oxygen  may  be 
represented  as  in  No.  2,  above. 

The  above  formulae  for  hypoxanthine  and  xanthine  accord 
well  with  the  reported  production  by  Strecker  of  the  latter 
from  the  former  by  oxidation,  and  of  a  mixture  of  both  bases 
from  uric  acid  by  reduction  with  sodium  amalgam. 

Passing  to  the  compounds  in  which  two  acid  residues  are 
united  with  each  other  and  at  the  same  time  with  residues  of 
urea,  we  may  formulate  oxalantine,  C8H4N4Os,  as  follows: 

Oxalantine  (neutral). 

H— N— H  H — N — H 

A - - 1 

ii  ii 


"0  | 

6— c 

c - 

1 

0 

—6 

II 

O  0 

0 
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thus  directly  explaining  the  relation  to  para  ban,  and  production 
therefrom  by  coalescence  of  two  molecules  with  elimination  of 
an  atom  of  oxygen  (or  from  a  molecule  each  of  oxaluric  acid 
and  paraban,  with  removal  of  an  atom  of  oxygen  and  a  mole¬ 
cule  of  water). 

The  union  of  hydantoine  with  allanturic  acid,  with  separa¬ 
tion  of  water,  gives  for  allituric  acid,  C6HcN404,  the  formula 
No.  1. 


1.  Allituric  acid  (monobasic).  2.  Leucoturic  acid  (monobasic). 


H  H 


C— 0 

c— c 

C— 0 

C— 0 

=o 

h  rir 

n 

o  M 

i 

o= 

=  3- 

1 

0  - 
ii 

II 

. 0 

i 

c 

. c 

II 

N 

i 

H— N— H 

N 

i 

H— N— H 

H 

1 

H 

and  the  like  union  of  paraban  and  allanturic  acid  leads  to  No. 
2  for  leucoturic  acid  of  Schlieper,  C^HjN,,©,.  This  last  for¬ 
mula  explains  the  possibility  at  least  of  a  difference  between 
leucoturic  acid  and  oxalantine,  the  identity  of  which  does  not 
seem  clearly  established. 

In  each  of  the  last  two  cases  we  have  one  ureic  residue 
inverted  as  regards  its  mode  of  attachment  to  the  acid  nucleus 
when  the  coalescence  takes  place. 

Two  molecules  of  (dibasic)  barbituric  acid  unite  with  sepa¬ 
ration  of  a  molecule  of  water,  giving  rise  to  di-barbituric  acid, 
C8H6N4Os,  with  unchanged  basicity, 


1.  Di-barbituric  acid  (dibasic). 


H 

H 

0  H  ....0. 

_  H 

1  i 

0 

l 

°  f 

— . o- 

(LA¬ 

i 

ST  ! 

1 

0 

1 

: . C 

II 

1 

c.~: 

II 

II 

N 

i 

11 

N 

i 

H 

2.  Hydurilic  acid  (dibasic). 
H  H 

I  I 

0  H  ....0_  0 


)— c 

C— C-C 

if 

N  0  0 

i 

. c 

C— H 

1 

i 

N 

1 

H 

H 

while  the  union  of  a  molecule  of  barbituric  acid  and  -one  of 
dial  uric  acid,  with  inversion  of  the  ureic  residue^  of  the  latter 
and  elimination  of  a  molecule  of  water,  gives  us  hydurilic  acid, 
C8H6N406,(No.  2). 
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Alloxantine,  C8H4N407,  may  be  represented  as 

Alloxantine  (neutral). 

H— N— H  H— N— H 

A . c! 

II  II 

N  N 

6 — o — (3  A— c— d 
I  II  I  II  I  II 

OOO  000 


clearly  exhibiting  the  analogy  of  this  body  to  oxalantine,  and 
its  production  in  a  similar  way  by  the  coalescence  of  two 
molecules  of  alloxan  with  separation  of  oxygen  (or  a  molecule 
of  alloxan  and  one  of  dialuric  acid  with  the  additional  separa¬ 
tion  of  water).  The  formula  of  Gibbs  for  alloxantine  would 
seem  to  imply  that  it  is  a  monobasic  acid  (or,  according  to  the 
exact  terms  of  his  own  definition,*  tribasic). 

Finally,  it  is  difficult  to  suggest  with  confidence  a  formula 
for  the  problematical  substance  murexide,  C8H8N806.  If  an 
amide  character  be  admitted  for  it ;  and  it  does  seem  that  evi¬ 
dence  is  still  wanting  to  conclusively  prove  that  it  is  an  ammo¬ 
nium  salt,  especially  in  view  of  non-production  of  purpuric 
acid  and  the  undoubted  existence  of  isomeric  iso-purpurates 
(and  possibly  other  salts)  which  may  have  led  to  an  undue 
assumption  of  identity  of  type  between  murexide  and  its  metal¬ 
lic  derivatives ;  we  may  perhaps  assume  this  substance  to  have 
the  formula  No.  1, 


1.  Murexide  (neutral). 

H— N— H  H— N— H 


C 

II 

N 


- C 

N 


II — N — H  H— N— H 

a— A  1 

I 


0  0  0 


C— C  — 0 
0  0  0 


2.  Murexide  (neutral). 

H— N— H  H— N— H 

A . : . . . j 

II  H  H  H  H  || 

n  I  ls-  I  N 


c — c- 

II  II 

0  0 


;...N.... 

-6  6 — o — o 

II  II  II  II 

0  0  0  0 


in  which  the  union  of  two  molecules  of  dialuramide  is  effected, 
with  elimination  of  hydrogen,  by  the  linking  together  of  the 
ureic  carbon  atoms.  This  view  of  the  constitution  of  murexide 
(making  it  alloxantine-amide)  obviously  affords  a  simple  explan¬ 
ation  of  its  production  from  dialuramide  by  oxidation,  from 
ammonium  dialurate  by  heating,  from  alloxantine  and  alloxan 
by  the  action  of  ammonia,  &c.,  and  also  suggests  the  probable 

*  Loc.  cit., — “  cyanyl  may  be  regarded  as  the  acidifying  term.  Its  quantity, 
therefore,  determines  the  basicity  of  the  acid.” 
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ease  with  which  isomeric  changes  may  be  brought  about.  If 
murexide  be  ammonium  purpurate,  the  formula  might  perhaps 
be  changed  to  the  form  in  No.  2. 

While  the  views  above  stated  as  to  the  structure  of  the 
numerous  and  interesting  compounds  derivable  from  urea  and 
uric  acid  are  liable  to  objection  at  sundry  minor  points,  and  in 
several  instances  other  arrangements  of  the  elements  might  be 
adopted  without  interference  with  the  main  idea,  I  believe 
that  on  the  whole  the  constitutional  formulae  set  forth  in  this 
,  paper  more  nearly  represent  the  present  state  of  our  knowledge 
of  this  group  than  any  others  which  have  been  proposed,  and 
especially  possess  the  advantage  of  better  explaining  the  chem¬ 
ical  character  or  function  of  the  substances  referred  to,*  while 
at  least  equally  well  exhibiting  the  nature  of  the  changes  by 
which  they  are  produced  from  each  other. 

University  of  Virginia,  Nov.  4,  1815. 
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